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Double recording layers stacked on a Ru spacing layer are commonly used to obtain good recording properties for antiferromagneti-
cally coupled (AFC) longitudinal media. In this paper, we report on a study that clarified the role of the bottom recording layer (BRL).
We measured physical magnetic properties such as magnetic anisotropy field ( k), magnetocrystalline anisotropy energy ( u), inter-
granular interaction, and thermal agitation of the AFC media, with and without BRL. Results showed that: 1) even a thin BRL (1 nm
thick) significantly increases remanent coercivity cr; 2) this increase in cr is mainly caused by an increase in k due to elimination
of the low u region at the bottom portion of the top recording layer; and 3) judging from magnetic cluster size, insertion of a BRL can
reduce the intergranular exchange coupling at the initial growth region of the recording layer.
Index Terms—AFC, double recording layer, intergranular exchange coupling, magnetic anisotropy field, remanent coercivity.
I. INTRODUCTION
R ecently, antiferromagnetically coupled (AFC) mediahave been widely used to improve the thermal stability
of longitudinal media [1], [2]. In order to acquire more than
100 Gb/in areal density, continuous efforts are needed to
improve signal-to-noise ratio (SNR) of AFC media [3], [4].
Using double or triple recording layers is one of the ways to
improve SNR and overwrite of AFC media, in which two or
three stacked layers are deposited on a Ru spacing layer [5].
However, the total thickness of the double recording layers
and the thickness ratio of the top recording layer (TRL) to the
bottom recording layer (BRL) have been usually determined
by trial and error because the effect of this thickness and
thickness ratio on SNR and on remanent coercivity
have not been clarified. In this study, the role of BRL in the
magnetic properties of AFC media was studied by measuring
the physical magnetic quantities, such as magnetic anisotropy
field , intergranular interaction (exchange coupling and
static magnetic coupling), and thermal agitation of TRL for
AFC media with and without BRL.
II. EXPERIMENTAL PROCEDURE
AFC media were deposited on textured Al/NiP substrate in
the following stacking order: substrate/CrMo (6-nm-thick un-
derlayer)/CoCrTa (3-mm-thick stabilization layer, or SL)]/Ru
(0.8-nm-thick spacing layer)/CoCrPtB (BRL with thickness
)/CoCrPtB (TRL with thickness )/carbon (3 nm
thick). of the recording layer (RL) was evaluated from
in-plane magnetic torque curves obtained using the rota-
tional hysteresis loss method [6]. Saturation magnetization
of TRL was determined as the slope of the plot
of versus , where is the saturation
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Fig. 1. Effect of thickness ratio d defined as d =(d + d ), on
H for different AFC media composition. d + d was fixed at 20 nm.
magnetization of the medium normalized by the volume of
TRL. Magnetic anisotropy energy was calculated as
. Thermal fluctuation factor and
intrinsic remanent coercivity were determined from the
time dependence of dynamic by using Sharrock’s equation
[7] with , which was estimated by -axis dispersion
obtained from the saturated torque coefficient of twofold com-
ponent, . The lateral magnetic cluster size
was calculated from and .
III. RESULTS AND DISCUSSION
A. Effect of Thickness Ratio on
Fig. 1 shows representative results of the effect of thickness
ratio , defined as , on
for our AFC media. Different compositional combinations
of TRL and BRL were deposited (see Fig. 1) for various
and . Here, was fixed at
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Fig. 2. Effect of d on H for AFC media with and without a thin BRL
(d = 1 nm), denoted as medium A and medium B, respectively.
20 nm. With increasing increased, and peaked at
around 0.8–0.9. With further increase in
decreased abruptly. Assuming that the directly exchange-cou-
pled double recording layers show coherent magnetization
behavior, should have increased monotonously with in-
creasing because originates from the volume average
of of each RL. Thus, the abrupt decrease in implies a
change in magnetic properties of TRL.
B. Effect of BRL Insertion on Medium Magnetic Properties
To clarify the mechanism of the abrupt decrease in
(Fig. 2), magnetic properties were measured for AFC media
with and without BRL for various (6 to 20 nm). The struc-
ture of medium (with BRL) was Ru/Co Cr Pt B (BRL
with nm)/Co Cr Pt B (TRL)/carbon, and
that of medium (without BRL) was Ru/Co Cr Pt B
(TRL)/carbon.
Fig. 2 shows changes in as a function of for media
and . With decreasing decreased from 5.5 to 2.5 kOe
for medium , and from 4.8 to 1.3 kOe for medium . For a
given for medium was 0.7–1.2 kOe higher than
that for medium . The results show that even a thin BRL
( nm) significantly improved .
Fig. 3 shows the effect of and BRL insertion on
and . In Fig. 3(a), for a given
was similar for both medium and . In
Fig. 3(b), for medium was relatively constant (12 kOe),
independent of , whereas for medium decreased
from 11.2 to 9.7 kOe when decreased from 20 to 12 nm.
Furthermore, as seen in Fig. 3(c), for a given was
similar for both medium and . These results indicate that
the difference in between the media with and without BRL
in Fig. 2 is mainly due to the difference in .
This observed difference in between media with and
without BRL can be explained as follows by the change in
physical magnetic quantities along the thickness direction.
Fig. 4 shows and as a function of
Fig. 3. Effect of d on K V=k T; H , and H =H for AFC media with
and without a thin BRL (d = 1 nm), denoted as medium A and medium
B, respectively. For media with d < 12 nm, H could not be examined
because rotational hysteresis loss could not be clearly determined due to a large
thermal agitation during the torque measurement. H =H showed a high value
of about 1 due to the preferred crystal orientation of the recording layer.
[8]. can be calculated from the constant gradient
of the versus plot as follows:
(1)
where and are saturation magnetization of BRL
and SL, respectively. Fig. 4(a) shows that was sim-
ilar for both medium and , indicating that is negli-
gibly small compared with . The extrapolated lines inter-
sect the vertical axis at 760 emu/cm nm, which corresponds
to . Based on (1), emu/cm was ac-
quired for both medium and , suggesting that the chemical
composition of the grain of TRL with and without BRL was uni-
form along the thickness direction.
The plot of for medium [Fig. 4(b)] shows
a linear correlation with , and the extrapolated line crosses
the horizontal axis at . Although the plot for medium
also shows a linear correlation with , the extrapolated line
crosses the horizontal axis at 4 nm, suggesting a decrease in
of TRL without BRL in the initial growth region. Letting
and denote the heterogeneous in
TRL along the thickness direction, and assuming of both
BRL and SL is negligibly small compared with that of TRL,
can be expressed as
(2)
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Fig. 4. Effect of d on (a) M  d and (b) K  d for AFC
media with and without a thin BRL (d = 1 nm), denoted as medium A
and medium B, respectively.
Fig. 5. Effect of d onD for AFC media with and without a thin BRL
(d = 1 nm), denoted as medium A and medium B, respectively.
where and are the thickness
of the -portion and -portion of TRL, respectively.
Considering (2) and Fig. 4(b), of TRL for medium was
uniform along the thickness direction, whereas for medium , a
fairly low region existed at the bottom portion of TRL. This
homogeneous and heterogeneous in TRL for medium
were probably caused by the high crystalline defect density.
Our XRD results (profiles not shown) show that the full width
at half maximum of in-plane hcp (002) diffraction peak was
1.89 at nm for medium , which was broader than
that for medium , 1.58 . This broader peak for medium sup-
ports our assumption that crystalline defect density in TRL was
higher for medium than for medium . This higher defect
density for medium reasonably originated from the heteroge-
neous epitaxial growth interface between the Ru spacing layer
and a TRL with relatively higher boron content. Insertion of a
BRL with lower boron content than TRL can reduce the crys-
talline defect density at the bottom part of TRL, and increase
of RL.
C. Intergranular Exchange Coupling Through the Initial
Growth Region
In real applications, SNR is well known to be affected by not
only but also by [9], which is relatively more sen-
sitive to intergranular exchange coupling than is . Fig. 5
shows the effect of on measured for media and
. With decreasing from 20 to 12 nm, increased
from 8.6 to 9.7 nm for medium , and from 8.7 to 10.6 nm
for medium . This increase in indicates that for both
media, intergranular exchange coupling was stronger at the ini-
tial growth region of RL than at the successive growth region
of TRL. Moreover, the increase in by decreasing
for medium was larger than that for medium , suggesting
that insertion of a BRL can reduce the intergranular exchange
coupling at the initial growth region of RL. Besides being the
possible reason for the higher Cr content in BRL, a lower de-
fect density could result in better Cr segregation and reduce the
intergranular exchange coupling, especially at the initial growth
region of RL.
In conclusion, BRL for AFC media plays an important role
not only in increasing due to increased but also in de-
ceasing due to intergranular exchange decoupling. This
increase in and decrease in are mainly caused by
the promoted crystalline structure in the initial growth stage of
TRL when a BRL with relatively low boron content is inserted.
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